Plasma calcium, phosphorus, alkaline phosphatase, total protein, and albumin were measured during pregnancy in a group of Asian women livingin the south of England and in a control group. The Asian women had slightlylower mean plasma calcium concentrations than the control group. Exposure of Asian women to sunshine appeared to be low, and it was inferred that they probably had little endogenous synthesis of cholecalciferol as a result. Both Asian and control subjects ingested similarly low amounts of vitamin D. The Asian women consumed greater amounts of phytate and vegetablefibres than the controls, and it is suggestedthat these substances may reduce absorption of insoluble lipids (includingcholecalciferol) and calcium in a setting where the dietary intake and endogenous synthesisof vitamin D are already borderline for the subjects' requirements.
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Osteomalacia during pregnancy has been described in Asian immigrant women (Felton and Stone, 1966) . It has also been suggested that most pregnant women, and in particular Asian women, have "biochemical changes tending towards osteomalacia" (Watney and Rudd, 1974) . However, during the course of normal pregnancy the concentrations of many plasma constituents alter (Elliott and O'Kell, 1971) , so that careful interpretation of the biochemical results is required.
We present here the results of an investigation of the effect of pregnancy on calcium status and a consideration of the relative importance of some dietary habits and other customs in a group of apparently healthy Asian women living in south-west London.
SUBJECTS
Eighty Asian women of Indian or Pakistani origin were consecutively selected, taking every third patient, at the antenatal booking clinic of a hospital in the south-west London area; 8 of these were subsequently dropped from the study owing to miscarriage or to the development of pre-eclamptic toxaemia, or because they had moved to another area. A control group of 35 women was similarly selected. This group consisted of 20 Caucasian and 15 coloured subjects mainly of Negro origin. No attempt was made to determine "purity of race" in the latter group.
At the booking clinic each subject was questioned with respect to general health and specifically with respect to symptoms of bone pain or muscle weakness.Those with a history or symptoms suggestive of either renal disease or malabsorption were not included in the study.
A general dietary history was taken from all of the women in order to elucidate eating habits and to make an assessment of the intakes of vitamin D, calcium, and phytate. None were receiving either vitamin D or calcium supplements. In an attempt to study attitudes to sun exposure each subject was asked standard questions about how much time she spent out of doors, whether she preferred direct sunlight or shade, and whether she ever sunbathed.
METHODS
Heparinised blood samples were obtained with minimal stasis from each woman at the time of booking, which was between 10 and 15 weeks, and again between 34 and 40 weeks of gestation. The 10 to 15 week blood sampling was undertaken during the spring and early summer, the 34 to 40 week sampling during the early and late autumn of 1973.
The following were measured by routine methods: calcium (Gitelman, 1967) ; total protein (Weichselbaum, 1946) ; albumin (Bartholomew and Delaney, 1964) ; inorganic phosphate (Gomori, 1942) ; alkaline phosphatase (Stevens and Thomas, 1972) , results being reported in IV/litre at 37°C; alkaline phosphatase isoenzymes by electrophoresis (Fritsche and Adams-Park, 1972) , and heat stability assays at 65°C (Neale et al., 1965) ; heat-stable alkaline phosphatase activity (remaining after incubating specimens at 65°C for 30 minutes) was subtracted from the total, and this heat-labile fraction was used as a measure of maternal alkaline phosphatase activity in the third trimester.
Day-to-day quality control was monitored by analysis of an "unknown" control serum and by the use of assayed commercial quality control sera. In addition, performance in the National Quality Control scheme and in the Wellcomtrol Burroughs Wellcome scheme was used as a guide to overall and long-term control.
Between-batch precision as obtained from daily analyses of quality control sera was as follows, quoting mean value ± 1 S.D.: calcium 2.50 mmol/l ± 0.04; albumin 35.2 g/l ± 0.50; total protein 74.5 
Diet
Assessments were made from the tables of McCance and Widdowson (1960) .
Neonates
Neonates were observed for hypertonus and development of tetany, and investigated if symptoms were detected. Blood was not taken from normal neonates.
REsULTS

Biochemistry
The results for the biochemical variables measured in the Asian and in the control group of patients are shown in Table 1 . In both groups there was a significant fall in the plasma concentrations of calcium, total protein, and albumin, with an increase in alkaline phosphatase activity when the values obtained at 34 to 40 weeks were compared with those at 10 to 15 weeks. When the results in the two groups were compared it was found that there was no significant difference between them at 10 to 15 weeks, but at 34 to 40 weeks the concentrations of calcium and phosphate were significantly lower (P < 0.005 and < 0.05 respectively) in the Asians than in the control group. In view of the differing ethnic composition of the control group the results for the subjects in this group were subdivided into two subgroups according to skin colour and their values compared (Table 2 ). There were no significant differences between the two subgroups for any of the measured plasma constituents.
As changes in the plasma concentration of protein and in particular albumin are known to affect calcium concentration, the estimated calcium values were corrected for the observed changes in albumin. The correction factor used was based on that of Payne et al. (1913) , where the corrected calcium = estimated calcium + t (4 _alb~~in) (with calcium expressed in mmol/l and albumin in gil). To confirm the relationship between plasma calcium and albumin concentration the regression coefficient of calcium on albumin was calculated and found to be 0.46, this being significantly linear (P < 0.001).
The mean ± 1 S.D. calcium values after correction for the variation in albumin concentration were 2.36 ± 0.14 and 2.35 ± 0.15 mmol/I at 10 to 15 weeks and 34 to 40 weeks respectively in the Asians, with values of 2.44 ± 0.09 and 2.44 ± 0.14 mrnol/l in the control group at the corresponding times. Thus, in neither group were the differences in calcium concentrations due to gestational age significant, but when the values in the Asians were compared with the controls they were significantly lower (P < 0.(05) at both times.
In only a few patients in the third trimester was the total alkaline phosphatase activity elevated above the Numbers in parentheses indicate number of subjects. N.S. = not significant.
upper limit of the normal range (12 to 65 IU/l). On electrophoresis this increase was shown to be related to a strong placental isoenzyme band. In only one Asian patient (alkaline phosphatase 93 IU/I) was a bone isoenzyme band demonstrated. Estimation of the heat-labile component of alkaline phosphatase did not reveal any significant difference between the groups.
Dietary assessment
Apart from eggs, vitamin D-rich foods were not popular with the majority of patients. With the exception of four Asians who were on a strict vegan diet (vitamin D content less than 1.5 JLg (60 units) per day) the estimated dietary intakes of vitamin D of all the patients were similar and were between 1.5 and 3.75 iLg (60 to 150 units) per day as calciferol.
The estimated dietary intakes of calcium in the majority of the patients was between 15 to 33 mmol (600 to 1300 mg) per day. There were, however, 11 patients in the Asian group and four Negro women in the control group whose daily calcium intake was less than 15 mmol (600 mg). The intake of phytic acid phosphorus was much higher in Asians than the controls and was derived from sources such as chapatis, beans, lentils, and dal. No patient in the control group had a phytic acid phosphorus intake of more than 3.2 mmol (100 rng) per day and in the majority the intake was less than 1.6 mmol (50 mg) per day. In the Asians, however, there were 64 patients with a daily intake of more than 3.2 mmol phytic acid phosphorus per day. The four Asians eating a vegan-type diet had the highest phytic acid intakes--over 16 mmol per day (as phytic acid phosphorus); these were also the four patients with the lowest dietary vitamin D intakes. The other dietary difference between the two groups was that the Asians had a much higher intake of raw and cooked vegetables and fruit than the control group. The Negro subjects in the control group possibly ate fruit more frequently than the Caucasians but the vegetable content of their diets did not appear to be greatly different. In general the Negro women in the control group took a diet very similar to that of the local Caucasian population while the Asians adhered fairly strictly to their Eastern manner of vegetarian feeding.
Exposure to sunlight
The Asian women showed a clear dislike of deliberate sun exposure, and sunbathing in the Western sense was not practised or even considered. Many of them explained that if they stayed out in the sun they would "turn black". On the other hand the Caucasian women enjoyed the sun and many of them sunbathed during the warm summer of 1973. The Negro women also enjoyed being out in the sun, but few of them in this group practised sunbathing, though some said they would if given the right opportunity. Incidental exposure to sun appeared not to differ in the three groups, although skin irradiation with ultraviolet light was probably less in the Asians due to their adherence to traditional costume.
Clinical findings in relation to biochemistry
Three of the Asian women had persistently low calcium and phosphate values throughout pregnancy and post partum, with alkaline phosphatase activity elevated above the patient mean. Table 3 summarises biochemical and clinical findings on these patients. Although none had symptoms suggestive of osteomalacia, patient one complained of aching ankles during pregnancy and patient two developed aches and pains in her lower limbs brought on by walking for 15 to 30 minutes; these symptoms persisted post part urn. These three patients looked well nourished and appeared to be in general good health otherwise. The infants of these three women were healthy and did not develop neonatal tetany.
Only one neonate in the study developed convulsions associated with hypocalcaemia (plasma calcium 1.7 mmol/l); this was the bottle-fed infant of an Asian mother. The mother's plasma calcium concentration (corrected for albumin) had been within the normal range during pregnancy.
DISCUSSION
Our results have shown that in the Asian group the mean plasma calcium concentrations (after correc-tion for albumin), both at 10 to 15 weeks and 34 to 40 weeks gestation were slightly but significantly lower than those in the control group at the same times, but there were no further changes in the calcium values suggesting the development of osteomalacia due to pregnancy in either group.
The significantly lower mean plasma phosphate concentration in the Asian women in the third trimester probably added to the significance of the lower calcium values in this group, but no great importance could be attached to changes in plasma phosphate concentrations on their own owing to the physiological variations in plasma phosphate concentrations known to occur in pregnancy (Mull and Bill, 1934) .
The higher total and heat-labile alkaline phosphatase activities in the Asian group in the third trimester were not statistically significant in this study. We found that interpretation of alkaline phosphatase activities, both total and heat-labile, in individual cases was complicated both by the varying contribution from the placenta-affecting total activity -and by the variability of phosphatase heat stabilities after storage and under varying pH conditions (Moss, Shakespeare, and Thomas, 1972) affecting the heat-labile activity. As a result we considered that minor changes in alkaline phosphatase activity, both total and heat-labile, during pregnancy were of limited diagnostic usefulness.
Dietary assessment of vitamin D showed a low intake in most subjects, which agrees with previous reports from Glasgow (Dunnigan and Smith, 1965; Ford et al., 1972a) , Birmingham (Watney et al., 2 months day post partum 1971), Rochdale (Holmes et al., 1973) , and London (Wills et ai., 1972; Dent et al., 1973) . A low calcium intake in the Asian women was not necessarily associated with the lowest vitamin D intakes. The 11 patients taking 15 mmol or less of calcium daily appeared to have a vitamin D intake simlar to that of other patients in the group. On the other hand patients on strict vegetarian diets with vitamin D intakes of less than 1.5 ,..,.g (60 units) daily had a high dietary calcium intake owing to consumption of large amounts of milk. The salient feature distinguishing the Asian diet from that of the control group was the large intake of phytate, vegetables, and fruit. Chapatis contain not only large amounts of phytate but also considerable amounts of bran. The predominantly vegetarian-type of diet of most Asians contains more vegetable fibres, such as cellulose and pentosans, than is found in a typical Western diet.
There is evidence that normal subjects eating increased amounts of vegetable fibre in the form of cellulose, pentosans (Southgate and Durnin, 1970) , or bran have increased faecal losses of fat and also of nitrogen owing to shortened intestinal transit time. The effect of high dietary fibre in sequestering bile salts (WaIters et al., 1975) may compromise absorption of insoluble lipids such as cholecalciferol. The role of dietary phytate and bran in lowering plasma calcium levels (Reinhold et al., 1973; Heaton and Pomare, 1974 ) may be related to the above effects.
The persistently low plasma calcium concentrations (corrected for albumin) and low plasma phosphate concentrations in three Asian women (Table 3) together with the finding in the Asian group of mean plasma calcium concentrations lower than those in the control group can be regarded as part of the tendency to osteomalacia so frequently reported in this ethnic group. Although none of the subjects in this report had clinical symptoms suggestive of osteomalacia, we agree that nutritional osteomalacia should be suspected in Asian patients complaining of skeletal pains (Clark, Simpson, and Young, 1972) and consider that the present biochemical findings indicate a need for continuing awareness of the increased susceptibility to osteomalacia in this ethnic group, particularly when metabolic demands for calcium are increased.
The cause for this increased susceptibility appears to be a combination of environmental factors rather than inherent errors in calcium metabolism. Factors such as ingestion of chapatis (Wills et 01., 1972; Ford er 01., (1972b) , or insufficient vitamin D (Hodgkin et 01., 1973) , or sunshine and ultraviolet deprivation (Dunnigan et al., 1962; Lancet, 1973) have all been implicated.
Our inquiry into attitudes to sun exposure showed that the Asian women were less likely to have significant skin irradiation by sunshine than was the control group, both because they were disinclined to sunbathe and because they tended to cover themselves up in traditional dress. Therefore, since they are unlikely to achieve significant endogenous synthesis of vitamin D, dietary sources ofthe vitamin should necessarily play an important part in meeting their vitamin D requirements. It has been shown in this study and in previous reports that the dietary intake of vitamin D is no greater in Asians than in the local White population, and in significant numbers of subjects is much lower. Dietary intake of calcium by Asians may also be low. Furthermore, owing to the high bran and vegetable fibre content of their traditional diets they may have significant faecal losses of fat-soluble vitamins, in particular vitamin D. This combination of factors may be sufficient to produce a negative calcium balance in some of these subjects, particularly when calcium requirements are increased as in pregnancy or during growth. Thus an adequate amount of vitamin D for an Asian eating a traditional high-bulk, high-phytate diet should be greater than for a subject eating a Western diet, when the calcium contents and sun exposure are the same. These results, like those of previous studies, indicate the need for vitamin D and calcium supplements in Asian subjects with increased metabolic requirements as in pregnancy, particularly when dietary calcium is already low. Correspondence to Dr. N. Polanska, Department of Chemical Pathology, Royal Free Hospital, Pond Street, London NW3 2QG.
